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[57] ABSTRACT

A ‘polymeric complex composite having an improved
hydrophilic property is presented. The polymeric com-
plex composite is made from a polymeric substrate of
a conventional polymeric material and a coating
tightly adhered to the surface of the substrate. The
coating contains 900 millimoles or more of sulfonic
acid groups and 5 millimoles or more of sulfone brid-
ges per 1 kg of the coating. The structure of the coat-
ing is a three-dimensional network. The - polymeric
complex composite has an excellent anti-electrostatic
property as well as other improved properties such as

- excellent water absorption, soil release, dyeing proper-

ties and the like. Such improved properties are not
temporary but durable. The polymeric complex com-
posite is suitable for uses for various articles, particu-
larly for fibers and films.

21 Claims, No Drawings
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POLYMERIC COMPLEX COMPOSITE

This invention relates to a novel polymeric complex
composite. More particularly, this invention relates to
a polymeric complex composite which consists of a
polymerlc composite selected from conventional poly-
meric materials and, adhered thereon, an insoluble and
infusible coating of a crosslinked polymer containing
free sulfonic acid groups and/or salts thereof and sul-
fone crosslinks.

Synthetic fibers and synthetic. resins have recently
been used widely in many fields. But some of them, for
example, polyethylene, polypropylene, ABS resin, pol-
ystyrene, polyacrylonitrile, polymethacrylic acid ester,
polyacetal, polyester, polyamide, or the like, are rela-
tively hydrophobic. They had therefore many draw-
backs such as bad surface diffusibility of water, bad
water absorption property, whereby caused such unfa-
vorable phenomena as ‘easy static electrical charging,
bad soil release property, difficulty in dyeing etc.

In order to improve the drawbacks as mentioned
above of the hydrophobic polymeric substrates, there
have been made various proposals. Typical examples
are (1) the method of using a monomer having sulfonic
acid group as a component in copolymerization or
cocondensation for producing synthetic resins or fi-

bers, (2) the method of blending a polymer containing

sulfonic acid groups with synthetic resins or fibers, and
(3) the method of adhering a polymer containing sul-
fonic acid groups onto the surface of synthetic resins or
fibers. However, the method (1) has the drawbacks
such as bad physical properties of the copolymer ob-
tained, poor copolymerizing property of different
monomers, difficulty in melt spinning on account of in-
stability to heat of the polymer containing sulfonic acid
groups, or the like. The method (2) has the drawbacks
such as poor compatibility of synthetic resins or fibers
with polymers containing sulfonic acid groups, impossi-
bility of melt spinning on account of the instability to
heat of the polymer containing sulfonic acid groups, or
the like. The method (3) has also the drawbacks such
as poor adhesion between the substrates of the syn-
thetic resins or fibers.and the polymer containing sul-
fonic acid groups, easily soluble and easily coloring
properties of laminated polymers containing sulfomc
acid groups, or the like.

The present inventors have now found a novel poly-
meric complex composite having various characteris-
tics which could not be attained by techniques of the
prior art,

The polymeric complex composite according to the
present invention has the structure wherein coatings of
the polymer having sulfonic acid groups and/or salts

thereof (hereinafter referred to simply as *“sulfonic acid -

groups”) are crosslinked to form insoluble and infus-
ible three-dimensional networks, and the coatings are
tightly adhered onto the surface of conventional poly-
meric substrates. Accordingly, the surface characteris-
tics of the polymeric complex composite of the present
invention are enhanced due to the hydrophilic effect
imparted by the hydrophilic groups contained in the
three-dimensional polymers forming coatings. The
present polymeric complex composite is improved in
such properties as surface diffusibility of water, water
absorption property, antielectrostatic property, dyeing
property (particularly by basic dyes) or the like.
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Surface diffusibility of water is improved about 5 —
100 times as compared with that of conventional ones.
Water absorption is also practically improved.

As for antielectrostatic property, a conventional
polymeric substrate, for example, obtained from syn-
thetic high polymeric materials (having such forms as
molded articles, films, fibers or the like) has a surface
resistivity more than 10" ohm at 20°C. in an atmo-
sphere of 40 percent relative humidity. If these sub-
strates are wound around rotatory drums and frictioned
with cotton, leather or the like, static charge with a
voltage more than 2,000 volt is accumulated on the sur-
face. Besides, the rate of dlmmlshmg of the accumu-
lated charge is extremely small, i.e., more than 120 sec
in terms of half-value period. In practlcal applications,
therefor, they involve the drawbacks such as ‘spark dis-
charge,” ‘twining,’ ‘unpleasant - feeling of electric
shock,” ‘arise of discharging sound,’ ‘easily contami-
nated and hardly cleaned’ or the like. The surface resis-
tivity of the polymeric complex composite according to
the present invention is 10" ohm or less. The static
charge voltage and the diminishing rate thereof are 200

volt or less and 1 sec or less, respectively, as measured

by the same method mentioned above. Therefore the
present polymeric complex composite has no such
drawbacks as mentioned above.

Concerning contaniination properties, an excellent

soil release property is effected. Particularly, the prop-
erty in removing stain contamination or preventing re-
contamination is extremely good.

The polymeric complex composite according to the
present invention made from hydrophobic polymeric
substrates which can hardly be dyed by conventional
techniques of dyeing can be easily dyed. Those made
from polymeric substrates which can not be dyed by
basic dyes can also easily be dyed.

The coatings formed on the surface of substrates in
the polymeric complex composite of the present inven-
tion are combined strongly with the polymeric sub-
strates and have a three-dimensional insoluble and in-
fusible chemical structure. Accordingly, the coatings
have extremely excellent thermal, chemical and me-
chanical stabilities. In other words, the coatings of the
polymeric complex composite of the present invention
are extremely excellent in thermal resistance, solvent
resistance, friction resistance, washing resistance, iron-
ing resistance or the like. The aforesaid improved prop-
erties do not substantially change even after repeated
use, cleaning in water or organic solvents (for example,
ordinary washing, dry cleaning) or the like. For in-
stance, the surface resistivity of the polymeric complex
composite of the present invention is 10! ohm or less
even after 10 times repeated washing which is substan-
tially the same as before washing.

An object of the present invention is to provide a
polymeric complex composite having improved an-
ticlectrostatic property, as well as many other im-
proved properties. Another object of the present inveri-
tion is to provide a method to impart hydrophilic prop-
erty to the hydrophoblc conventional synthetic resins
or fibers which is permanent in nature and maintains its
origina] hydrophilic property as ever. The-other object
is to provide various articles shaped in a variety of
forms made from the polymeric complex compostte of
the present invention. Further objects will appear in the
following description hereinafter disclosed.
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The present invention provides a polymeric complex
composite consisting of a polymeric substrate selected
from conventional polymeric materials and a coating
having a structure containing 900 millimoles or mo-
re/kg-coating of free sulfonic acid groups. The coating
is an insoluble and infusible three-dimensional cross-
linked polymer, crosslinked by a portion of said. sul-
fonic acid groups and other crosslinking functional
groups. The coating is characterized in that it contains
sulfonic acid groups (either free sulfonic acid or salts
thereof) together with sulfone bridges. Accordingly,
the polymers forming coatings (hereinafter referred to
as polymers for coatings) on the surface of polymeric
substrates may be prepared according to a process (1)
which comprises forming intermolecular as well as in-
tramolecular crosslinkages by using a linear- polymer
containing both sulfonic acid groups and other groups
suitable for formation of sulfone bridges (—SO,—)
through reaction with said sulfonic groups (hereinafter
referred only as “crosslinking groups’). Alternatively,
the polymers for coatings may be prepared according
to a process (2) which comprises forming intermolec-
ular crosslinkages by using a linear polymer containing
sulfonic acid groups and no other crosslinking groups
together with a linear polymer containing other cross-
linking groups and no sulfonic acid groups. Further, the
polymers for coatings may be prepared according to a
process (3) wherein the processes (1) and (2) as men-
‘tioned above are combined, i.e., three types aforesaid
linear polymers are used.

In order to obtain the effect of the present.invention,
particularly to impart the durable character to the im-
proved physical properties, it is required that the coat-
ing contains at least 5 millimoles of sulfone bridges per
1 kg of the coating,. If the amount of the bridges is more
than 20 millimoles per 1 kg of coating, the effect ob-
tained is particularly prominent. ,

It is further required that a large amount. of sulfonic
acid groups should remain unaltered after the cross-
linking reaction except a portion of said groups is con-
sumed for said crosslinking reaction. If all of the sul-
fonic acid groups are consumed for the crosslinking re-
action, the objective improvement of various physical
properties cannot be achieved. More specifically, the
effect obtained. is not practical if 900 millimoles or
more of sulfonic acid groups are not present per 1 kg
of coating. The effect is extremely prominent if 1350
millimoles or more of sulfonic acid groups are present
per 1 kg of coating,

The polymers for forming the coating may further
contain side chains of other substituent groups (herein-
after referred to simply as “other substituent groups”)
other than said sulfonic acid groups or crosslinking
groups. However, the “other substituent groups” may
be contained in an amount within the following relative
numerical limitations for the ratios of the groups, i.e.

a=X/X+Y=0.05-0.95

B=X+Y/X+Y+Z=0.10-1.00
wherein,

X represents the number of side chains having sul-

fonic acid group,

Y represents the number of crosslinking groups, and

Z represents the number of other substituent groups.

The preferable values of said ratios are that e is 0.30
-090and B8is 0.80-090. - - - ‘ ‘
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The present invention will now be precisely ex-
plained.
I. Substrates

The polymeric substrates which can be used in the
present invention may be any of the well-known con-
ventional fibers and resins, which may be either natural
or synthetic. They may include polyethylene, polypro-
pylene, polyisobutylene, polystyrene, polyxylene, un-
saturated polyesters, polyvinyl chloride, polyvinylidene
chloride, polyvinyl fluoride, ‘polyacrylic acid. esters,
polyethers, polycarbonates, epoxy resins, urea resins,
phenol resins, silicone resins, ABS resins, polyamides,
polyacrylonitrile, vinyl chloride-vinyl acetate copoly-
mers, polyesters, cellulose, cellulose acetate, wool, ca-
sein, and regenerated cellulose. The polymers men-
tioned above may be either homopolymers or copoly-
mers with other comonomers. For example, the above

‘polyethylene’ includes both homopolyethylene and a

copolymer obtained by copolymerizing ethylene as the
main component with other comonomers.

‘The substrates used in the present invention may also
include the shaped articles obtained from the aforesaid
polymers as well as the first order finished products or
the second order finished products thereof. For exam-
ple, sheet-shaped articles, rod-shaped articles, column-
shaped articles, porous articles, fibers, filaments,
strands, tapes, ribbons, cloths or the like may be in-
cluded. Further, textile end products such as white
shirts, socks, over- or underclothes or the like, molded
resin articles such as blades of fans or other fixtures or
parts and the like may also be used.

2. Coatings .

Typical polymers for coatings .

. Polymer A: This polymer which may be used alone
for the laminates of the present invention may be pre-
pared by addition polymerization or condensation po-
lymerization of a mixture containing a monomer having
a sulfonic acid group and a monomer having a Cross-
linking group. This polymer may also be prepared by
incorporating sulfonic acid groups to the basic polymer
which is obtained by addition polymerization or con-
densation polymerization of a mixture containing a
monomer having a group capable of being attached
with said sulfonic acid groups after polymerization and
a monomer having a crosslinking group. In either prep-
aration method, other monomers having other substitu-
ent groups may also be involved, if desired.

(1) Preparation of Polymer A by addition polymeriza-

tion

Monomers: (a) The monomers having sulfonic acid
groups may include vinyl sulfonic acid, methallyl sul-
fonic acid, 2-sulfoethyl methacrylate, styrene sulfonic
acid, vinyl toluene sulfonic acid and the like. The esters
or amides of said monomers may also be employed, but
in such case the polymer obtained needs to be hydro-
lyzed to obtain sulfonic acid groups.

(b) The monomers having a crosslinking group may
generally include a monomer having aryl groups or de-
rivatives thereof, hydroxyl groups or thiol groups, or a
monomer containing monovalent residual groups haV-
ing hydroxyl groups or thiol groups. For example, sty-
rene, vinyl toluene, a-methylstyrene, ar-dimethyl sty-
rene, ar-ethyl styrene, ar-hydroxy styrene, ar-amino
styrene, vinyl naphthalene, ar-sec-butyl styrene, ar-
trimethyl styrene or the like may be used.

(c¢) The monomers having other substituent groups
other than said monomers (a) and (b) may include
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those having such substituent groups as halogen, nitrile,

carboxylic acid, carboxylic acid ester, ketone and the
like. A monomer having no such substituent groups, for
example, ethylene may also be used.

(d) The monomers capable of being attached with
sulfonic acid groups after polymerization may include
styrene, a-methyl styrene, viny! toluene, vinyl naphtha-
lene, and the like.

Polymerization: As a po]ymerlzatlon method, either
thermal polymerization, radical polymerization, or
ionic polymerization, may be conducted. The polymer-
ization system may be any of bulk polymerization, solu-
tion polymerization, emulsion polymerization, or sus-
pension polymerization.

(2) Preparation of Polymer A by condensation poly-
merization i

Monomers: (a) The monomers having sulfonic acid
groups may include phenol sulfonic  acid,
benzaldehyde-2,4-disulfonic dcid, naphthol sulfonic
acid, p-oxybenzyl sulfonic acid and the like.

(b) The monomers having a crosslinking group may
include phenol, resorcin, hydroquinone, cresol, thio-
phenol and the like.

(¢) The coupling agents for the monomers (a) and
(b) may include such aldehydes as formaldehyde, acet-
aldehyde, glyoxal, benzaldehyde, trioxane and the like.

(d) Similarly as in addition polymerization, mono-
mers such as phenol, resorcin or the like may be used
as the monomers capable of being attached with sul-
fonic acid groups after polymerization.

In the case of the condensation polymerization, the
coupling agents may be used in an amount correspond-
ing to the molar ratio of (coupling agent)/(monomer
for imparting sulfonic acid group + monomer for im-
parting crosslinking group) which is within 1.0.

When Polymer A is prepared according to the proce-
dure wherein sulfonation reaction is applied to the
polymer after polymerization, there may be used sulfo-
nating agents such as conc. sulfuric acid, chlorosulfonic
acid, sulfuric acid anhydride, addition product of sulfu-
ric acid anhydride-dioxane, addition product of sulfuric
acid anhydride-ethyl ether, or the like. In said sulfona-
tion reaction, such solvents as ethylene chloride, tetra-
chloro-ethane, monochlorobenzene, perchloro ethyl-
ene or the like may also be used.

In the preparation of Polymer A according to the
procedure wherein the basic polymer is sulfonated
after polymerization, preferable polymers are obtained
by sulfonating partially a homopolymer, a copolymer

or a graft polymer which are obtained by polymerizing -

a monomer having an aromatic ring such as styrene to-
gether with, if desired, other monomers having other
substituent groups. For example, polystyrene which is
sulfonated to a sulfonation degree of 80 percent is one
of such preferable polymers.

Polymer B: This polymer may be used combined with
Polymer A mentioned above and/or Polymer C herein-
under described. This polymer may be prepared from
a monomer containing sulfonic acid groups through
condensation polymerization or addition polymeriza-
tion. It may also be prepared by incorporating sulfonic
acid groups to the basic polymer which is obtained by
addition polymerization or condensation polymeriza-
tion of a monomer having a group capable of being at-
tached with said sultonic acid groups afler polymeriza-
tion. In either preparation method, other monomers
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having other substituent groups may also be involved,
if desired.

Monomers: The monomers used for the prepdratlon of
Polymer B may include the monomers (1) (a) and (2)
() containing sulfonic acid groups used for the prepa-
ration of Polymer A. Similarly as in Polymer A, the
monomers (1) {c), (1) (d), (2) (¢), (2) (d) may also be
used for Polymer B. In the condensation polymeriza-
tion, the coupling agent is used in an amount corre-
sponding tc the ratio of (coupling agent)/(monomer
for imparting sulfonic acid group) which is within 1.0.
Polymer B may also be prepared by sulfonating the
basic polymer after polymerization according to the
same procedure as described in the case of Polymer A,
but the sulfonation dégree is 100 percent.

Polymer C: This polymer may be used combined with
Polymer A and/or Polymer B described above. This
polymer may be prepared from the monomers (1) (b)
through addition polymerization, or alternatively from
the monomers (2) (b) through condensation polymer-
ization - with coupling agents (2) (c) In said condensa-
tion, the coupling agent is used in an amount corre-
sponding to the ratio of (coupling agent)/(monomer
for imparting crosslinking group) which is within 1.0.

Among the polymers for the coatings described
above, preferable polymers in view of easy availability

and physical properties thereof such as antielectro-

static property and permanent characteristic thereof
are partially sulfonated products of the polymers hav-
ing the pendant benzene rings wherein no substituent
groups are attached in the para position to said benzene
rings, i.e. schematlcal]y

(é OaH)'
(wherem (—SO3H) signifies that the benzene rings
contained in the polymer are partially sulfonated, R
represents the substituent groups other than hydrogen
and sulfonic acid group, and . . signifies the
main chain of the polymer). Pamcularly preferable
polymer of such polymer is partially sulfonated polysty-
rene.
(3) Process for preparing the polymeric complex com-
posite of the present invention
In adhering the coatings to the surface of the sub-
strates, there is no requirement for the state of the sub-
strates. That is, the substrates may be used either be-
fore or after dyeing and they may be either wetted or
dried. These conventional substrates are first contacted

‘with the polymer for the coatings as described above.

The method of said contactmg may be either by way of
dipping, coating, spraying or the like. Even electrode-
position method may be applxed The polymers for the
coating may be used either in an aqueous solution, an
organic solution, an emulsion, or a suspension.

The coating is effected ordinarily at 0° ~ 120°C.
When the outdoor temperature is below 0°C, the coat-
ing may be effected at such low temperature and there
is no need to elevate the temperature of the reaction
system. The conditions of coating such as coating tem-
perature, concentration of the polymers for laminates,
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pH, coating period or the like may suitably be selected
-according to the physical or chemical properties of the
polymeric substrates and the polymers for coatings.

After the coating procedure is completed, the exces-
sive polymer for the coating on the polymeric sub-
strates are removed by means of squeezing, standing or
the like before subjecting the coating substrates to the
heat treatment. The heat treatment is carried out using
a method whereby the remaining solvents may easily be
removed either through volatilization, evaporation, or
the like from the polymers for coatings adhered on the
surface of the polymeric substrates. The heat treatment
may be effected at a temperature in the range of 80° —
300°C. The heating period is from several seconds to
several hours. The conditions for the heat treatment
such as heating temperature or heating period may suit-
ably be determined according to the physical or chemi-
cal properties of the polymers for coatings and the
polymeric substrates. As the result of the heat treat-
ment, the polymers for coatings are crosslinked in a
three-dimensional network by forming sulfone bridges,
and become insoluble and infusible.

It should further be noted that the acid groups con-
tained in the polymers for coatings are preferably H-
type. In other words, if H* ions in the acid groups are
substituted with metal ions such as Na*, K*, Cat,
Mg*t, Fett, Fet**, or Al***, ammonium ions such as
NH,*, N(CH;),*, .or amino ions, the degree of cross-
linking reaction is decreased and the effect of the pres-
ent invention cannot be obtained.

. The polymeric complex composite obtained after the

completion of the heat treatment according to the pres-
ent invention may be contacted with any kind of elec-
trolyte substances. The H* ions of the acid groups
which are not involved in the crosslinking reaction are
thereby equilibrated with the outer solution and ex-
changed with the ions contained therein. v

The present invention will now be explained in fur-
ther detail by referring to the following examples,
wherein ‘percent’ denotes ‘percent by weight’, if not
otherwise noted.

Example |

The surface of an extruded polyethylene terephthal-
ate film (molecular weight: 20,000) having a thickness
of 0.1 mm was coated by means of a sprayer with a 3
percent aqueous solution of polystyrene sulfonic acid
(molecular weight: 200,000, sulfonation degree: 78

percent by molar ratio of the sulfonated benzene rings)

sulfonated by the addition product of dioxane-sulfuric
acid anhydride in an amount of 20 cc/m? per each sur-
face. ‘

The coated film was dried in a hot air stream at 80°C.
for 60 seconds to solidify uniformly the adhesion of
said sulfonic acid to the surface. The dried film was fur-
ther subjected to heat treatment in a hot air stream at
200°C. for 30 seconds. Subsequently, the treated film
was immersed in a 1 percent aqueous sodium carbon-
ate solution for 20 seconds for neutralization, washed
with cold water for a while and dried in air at room
temperature. The thus obtained polyethylene tere-
phthalate film had an extremely excellent antielectro-
static property which remains substantially unaltered
even after the treatments such as with hot water, Per-
clene (trade mark of perchloroethylene produced by
Du Pont Co.) or the like. On the contrary, when the
coated film mentioned above was dried at 80°C. and
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thereafter directly neutralized, washed and dried with-
out being subjected to the heat treatment at 200°C. for
30 seconds, the obtained film showed none of such an-
tielectrostatic property. The antielectrostatic proper-
ties of the treated and the untreated films are shown in
Table 1.

Table 1

Sample | Surface Friction Half-value
resistivity? static period of
(X 10" ohm) charge friction static .
voltage®  charge voltage *
(V) (sec)
Polyethylene
terephthalate - :
film of the 0.3t +15 1 or less
present
invention
The same film®
after treated 1.2 . +30 1 or less
in hot water.
The same film® .
after treated 0.9! +17 1 or less
‘in Perclene
The film without
the heat treat- : . :
ment at 200°C. 1,000 or +1,500 76
for 20 seconds more! .
Untreated film 1,000 or S .
more! +2,000 120 or more
Note:

!measured at 20°C."in an atmosphere of 40 percent relative humidity

-?measured by Electric micro-micro-ammeter (made by Takeda Riken Co.j

Fvoltage of the friction charge accumulated after the sample was frictioned with
cotton cloth for | minute using Rotary static tester (made by Kda Shokai Co.) at
700 RPM

“time needed for the reduction of the friction charge voltage of * until half of its
original value - :

“after treated in boiling water for 60 minutes, and dried in air

fafter immersed in Perclene at 40°C. for 60 minutes, and dried in air

Example 2

An extruded rod-shaped polystyrene resin (molecu-
lar weight: 250,000) having a radius of 1.5 c¢m was
dipped in a 3 percent aqueous solution of poly-a-
methylstyrene sulfonic acid (sulfonation degree: 83
percent) which was obtained by sulfonating poly-a-
methylstyrene resin (average molecular weight: 1,200)
with a complex compound of dioxanesulfuric acid an-
hydride. The rod was taken out of the solution after 5
seconds and dried in an air stream at 60°C. for 60 sec-
onds. Then, the rod was further subjected to the heat
treatment in hot air at 160°C. for 120 seconds. Subse-
quently, the treated rod was neutralized in a 1 percent

‘aqueous sodium carbonate solution for 10 seconds,

thoroughly washed in cold water and dried in air at
room temperature. The thus obtained rod-shaped poly-
styrene resin was frictioned with cotton cloth, wool
cloth, 6-nylon taffeta, and polyethylene terephthalate
taffeta, respectively, at 20°C. in an atmosphere of 40
percent relative humidity. Each friction was conducted
by ‘hand 10 times. Immediately thereafter, the fric-
tioned rod was placed at a distance of 3 cm from ciga-
rette ashes. In each case it was observed that there was
no ash adsorption. On the contrary, in the case of the
untreated rod-shaped polystyrene resin, a considerable
amount of ash adsorption was observed even at a dis-
tance of 6 cm from the cigarette ashes after frictioned
with any of the cloths mentioned above.
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Example 3

A polyester taffeta fabric made of 70 denier (24 fila-
ments) polyethylene terephthalate fibers, both longitu-
dinally and transversely, was immersed at 20°C. ina 2.5

10

"measured by using the samc measuring instrument as in Table 1, but in an
atmosphere of 20°C. and 65 percent relative humidity.

#washed in a houschold reverse-type wishing machine, one cycle being a washing
at 40°C. for § minutes using New Beads {made by Kad Sckken Co.) in the cone.
of 2 g/l and a rinsing with cold water at 20°C. for 6 minutes.

%after treated in a Persclene bath containing 0.2 percent Gembukulin (made by

percent aqueous solution of polystyrene Sulfonic acid 5 g;‘r:ler\Kfyﬁﬁ:lgzg:'((‘:uf;:1.)11‘1::11‘[‘1.:‘:1(‘;;:20 of 1:50 at normal temperature tor 30
(average molecular weight: 100,000; sulfonation de- : ‘
gree: 80 percent) and then the absorbed liquid was
squeezed off therefrom (Degree of squeezing =
(the weight of cloth after squeezing) - (the weight of 10
untreated cloth)/the weight of untreated cloth X 100
= 35 percent). -
The squeezed cloth was dried at 70°C. for 60 seconds Example 4
and the further subjected to the heat treatment at 15
190°C. for 120 seconds. Subsequently, the treated . ,
cloth was neutralized in a 0.3 percent aqueous sodium Polystyrene having an average molecular weight of
acetate solution at 40°C. for 20 seconds, thoroughly 100,000 was sulfonated to obtain four species of sulfo-
washed with water and dried at 70°C. for 60 seconds. nated polystyrene, i.e. 5, 30, 60, and 98 percent sulfo-
The obtained polyester taffeta gxhibited excellent an- 5 nated polystyrenes. Separately, three species of poly-
tielectrostatic property which did not change substan- styrenes having different polymerization degree, i.c.
tially even after repeated washing or dry cleaning. The polystyrenes with molecular weight of about 600,
result is given in Table 2 in comparison with that of the 10,000, and 50,000, were sulfonated to a sulfonation
untreated taffeta. degree of 80 percent to obtain three species of polysty-
' rene sulfonic acids. These seven species of polystyrene
Table 2 25 . . .
sulfonic acids were made into a 2.5 percent solution.
' . N Methanol was used as a solvent for the polystyrene sul-
7 ' s
Comparison with the untreated cloth fonic acid with sulfonation degree of 5 and 30 percent
Sample Surface Fricthon Half-VSIIUfe and water for the highly sulfonated ones. The same
resistivity static charge period of . \ . :

(X 100 ohm)  voltage (V) friction 30 treatments as described in Example 3 were repeated
static charge using these various solutions to give the following re-
voltage (sec) sults as shown in Table 3. ) _

fa‘}‘é‘l{“g; As clearly seen in the Table listed above, every one
the pfcsem 0.2 8 1 or less of the composites according to the present invention
invention 35 has an excellent enduring property.
The same" Films were casted from each solution used in the
€ same :
taffeta after 1.0 19 1 or less present example and they were subjected to the same
washing heat treatment as described above at 190°C. for 120
The same® _ 4 ~ seconds. Then, the remaining sulfonic groups were de-
taffeta after 0.4 1 lorless 40 termined quantitatively by means of neutralization ti-
dry cleaning tration. By using the same films, swelling test was con-
Untreated : ducted in water to determine indirectly the degree of
) y gr
taffeta 1,000 or 2,000 or 120 or more sulfone bridge. The result of these analyses are shown
more more .
in Table 4.
- Table 3
No.  Sulfonation Average Surface resistivity Friction charge Half-value
" degree (%)  molecular (% 10' ohm)'® voltage (V) period (sec)!®
Weight W, Wi W, Wi W, Wi Remarks
t 5 100,000 25 @ 50 370 2 8 outside of the
' scope of the
present invention
2 30 100,000 0.6 0.9 8 10 lor I or.  within the scope
: less less - of the present
invention
3 60 100,000 0.3 0.5 7 12 tor lor - do.
’ less less
4 98 100,000 30.0 570 140 780 6 80  outside of the
scope of the
present invention
5 80 600 4.0 97 70 530 .3 23 do.
6 80 10,000 0.3 0.6 12 11 lor 1 or - within the scope
less less  of the present
invention
7 80 50,000 0.5 0.7 _ 9 13 lor lor do.
less less ’
Note:

“measured by using the same measuring instrument as in Table 1, but in an atmosphere of 20°C. and 65 percent relative humidity.
‘11w, is the value measured immediately after the treatment, Wy is the value after 10 cycles of repeated washing, said cycle being the same

as described in Tible 2.
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Table 4
No.  Sulfonation Average Sulfonic acid Sulfone bridge!?
degree (%) molecular - group (millimol/kg film) Remarks
weight (millimol/kg film)
1 5 100,000 400 5 or less outside of the scope
of the present
invention
2 30 do. 1,900. 30 within the scope of
the present
. invention
3 60 do. 3,250 75 do.
4 98 do. 4,910 5 or less outside of the scope
) . of the present
invention
5 80 600 4,170 15 do.
6 80 10,000 - 4,030 60 within the scope
' of the present
. . invention
7 80 50,000 4,110 45 i do.
Note: .
the amount of the sulfone bridge was estimated from the swelling ratio in water from swelling ratio-crosslinking degree lines
which were obtained by measuring the swelling ratios of standard films prepared from styrene, potassium styrene sulfonate,
and divinyl benzéne, said crosslinking degree being calculated from the definite propertions of the monomers.
Table 4 shows that the examples of the present inven- Table 5
tion have more than 20 millimol/kg-coating of sulfone
bridges formed in the matrix of the coating. 25 _ Antielectrostatic property of 6-nylon de Chine
: . Sample Surface Friction Half-value
. Example 5 resistivity - static charge period of
. L . . . : (X 10 ohm) voltage (V) friction
A mixture of vinyl sulfonic acid phenyl ester with sty- _ ' ' static charge
rene mixed at a ratio of 1.77:1 was bulk polymerized voltage (V)
using 1.0 percent of azobisisobutyronitrile. A linear 30 6-nylon de '
polymer ‘having an' average molecular weight of Chine of the
130,000 was obtained. This polymer was hydrolyzed in ~ present 1.5 2t Ior less
e . . o invention
a 10 percent caustic soda ethanolic solution at 100°C.
under pressure ‘over 10 -hours. After ethanol was After 10f | 3
stripped from the reaction mixture, the reaction prod- 5, fv’;csl}‘ffng 2 0 Ior less
uct was thrown into water and successively passed
i mixed- untreated
through a colqmn of active chqrcoal and.a ed-bed bmylon 1,000 or 20,000 or 120 or more
column of cation-exchange resin and anion-exchange de Chine ‘more more
resin. The purified polyvinyl sulfonic- acid-styrene co- s ——— — -
polymer thus obtained was then formed into a 2 per- 40

cent aqueous solution. _ .

Into this aqueous solution was dipped at .20°C. 6-
nylon de Chine fabric woven from 70 denier multifila-
ments (24 filaments), both longitudinally. and trans-

versely. Then, the absorbed liquid was squeezed off 45.

from the fabric (degree of squeezing = 40 percent).
After the fabric was dried at 70°C. for 2 minutes, it was
subjected to the heat treatment at 160°C. for 60 sec-
onds. The treated fabric was thereafter neutralized with
a 0.1 percent-ethanolic solution of caustic soda at 20°C.
for 30 seconds, thoroughly washed with water, and
dried in air for 2 minutes. The thus obtained 6-nylon de
Chine fabric possesses an extremely excellent antielec-
trostatic property and: permanent -characteristic
thereof, as shown in Table 5. The measuring conditions
are the same as shown in Table 2.

Example 6

Finished yarns of long fibers of polyethylene tere-
phthalate (2,300 denier, 15 filaments) were dipped
into a 5 percent aqueous solution of polyvinyl toluene
sulfonic acid (sulfonation degree = 80 percent, molec-
ular weight = 150,000). About 5 percent by weight.
(based on the weight of the yarns) of polyvinyl toluene
sulfonic acid was mounted onto the yarns. The dipped
yarns were passed through a pipe of hot air stream at
210°C. for a retention period of 60 seconds, whereby

50

55

60

65

the yarns were kept tensionless. The treated yarns were
then dipped into.a 0.3 percent aqueous ammonia for
neutralization and again passed continuously through a
pipe of hot air stream at 80°C. for a retention period of
60 seconds. A carpet was woven from the yarns by a
tufted machine using a jute cloth foundation of 5 gau-
ge/32 inch, 8 stitch/inch. The experimenter put on a
leather slipper and shuffled along 10 steps on the car-
pet retained at 25°C. in an atmosphere of 40 percent
relative humidity. Immediately thereafter, the static
charge voltage accumulated on the human body was
measured. The static charge voltage measured by Rion

static charge voltage measuring instrument was 40 (V)

at a distance of 5 cm from the body. The experimenter
received no electric shock when he touched a
grounded metal with his finger tip. For comparison, a
carpet was woven in the same way as described above
except that untreated finished yarns of long fibers of
polyethylene = terephthalate were used. The static
charge voltage accumnulated on.the human body as the
result of the same experiment as described above was
measured to be as high as 650 (V). The experimenter,
when he toched a grounded metal with his finger tip,
heard a discharging sound and felt a severe pain at the
same time.
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Example 7

A shalli fabric made of polyacrylonitrile fibers,
woven from two folded yarns of 60 yarn number count,
both longitudinally and transversely, was dipped into a
2.5 percent aqueous solution of 80 percent sulfonated
product of a copolymer of styrene and acrylic acid 2-
ethyl hexyl with the ratio of 4:1. The absorbed liquid
was squeezed off from the fabric (squeezing degree =
70 percent). It was then dried in air at 70°C. for 5 min-
utes, and subsequently subjected to heat treatment at
140°C. for 3 minutes. After the treated fabric was
dipped into a 0.5 percent aqueous sodium carbonate
solution at 20°C. for neutralization, it was thoroughly
rinsed with water and dried in air at 70°C. for 5 min-

Table 7
Surface Friction Half-valuc
resistivity static period of
(X 10* ohm) charge friction static
voltage (V) charge voltage
(sec)
6-nylon film
of the present 0.4 9 1.0or less
invention
Example 9

Prevention properties of the various cloths obtained

in Example 3 against several contaminations, i.e., dry

in Table 1.

utes. The antielectrostatic property of the obtained !> ‘contamination, washing recontamination, and stain
shalli fabric of acrylonitrile was shown in Table 6. The  contamination were measured to obtain the result
measurement was conducted under the same condition  listed in Table 8. The composites of the present inven-
as described in Table 2. tion exhibit an excellent contamination preventing
2 property and a durable characteristic thereof,
Table 8
Table 6 Sample Degree of dry con- Degree of  Degree of
- - 25 tamination (%)™ washing re-  stain con-
: - Afvalvie After con-  After contamina-  tamination
e, i Mt aminaon_cleaning _ion (10" (41"
10 - . . -
(X 10" ohm) voltage (V) stafir(l:c::ll?:rge The polyester
voltage (sec) taffeta of the
present inven- 66.4 - 30.7 20.4 18.5
Polyacrylo- 30 ten
nitrile '
] The same
shalli of 0.5 12 1 or less taffeta after
the present : 10 cycles of 67.1 32.1 23.5 20.7
mvention washing . .
After 10 The same
cycles of 12 21 Lorless 35 yiffeta after 67.0 319 227 19.1
washing dry cleaning
Untreated Untreated
polyacrylo- 1,000 or 2,000 or 120 polyester 67.3 46.9 56.7 49.6
nitrile shalli more more taffeta
40
Note:
. "measured by the method disclosed in W. H. Rees; J. Text. Inst. 53, T-230 (1962).
“'measured by the method disclosed in Senshoku Keizai Shinbun, dated July 28,
1967.
Example 8 45 'c‘(s):’at:ﬁ:lnal‘a'o;w‘:’)d;l::g:“(::’cfjrudc petroleum, and, after washing, the degree of
72 Grams of sulfuric acid anhydride was added to 94
g of phenol. The sulfonation reaction was conducted at
50°C. for 2 hours to obtain phenol sulfonic acid with a ,
sulfonation degree of 80 percent. To this sulfonated 50 Example 10
product was added 30 g of paraformaldehyde. The re- A drop of water (about 0.05 cc) was dropped onto
i lly under a reduced . . :
;:;]sosﬁrzyf)tfe?] rrv:/;s Pl;gea;endd gcr;?élean 321:;0“ P;'eac tiﬁm was the cloths obtained in Example 3 by means of a burette
i > . T height of 2 cm. The time needed for complete
continued at 100°C. for 2 hours to obtain a condensate ;;%;Zfiogl(g)fttgg wa]tT;r in?o the ::]loth was measSre d
ic acid-ald e. This product was pu- L AR . ’
g%zgegoiliSlllll:g?llscs?)(l:u(iig:‘lsegzg thereage? formed iﬁto 55 The result is given m_Table 9. The composite of the
a3 qt aqueous solution : present invention exhibits an excellent water absorp-
a Agir;tiﬁ degl:)e OLSI mm thicl; 6-nylon film was coated tion property and a durable characteristlc thereof.
with the aqueous solution obtained above in an amount :
of 25 g/m® The coated. film was dried in a warmair 60 Table 9
stream at 40°C, and subsequently subjected to the heat
O,
treatment at 140 C for 60 seconds. Then, the tr'eated Sample The poly- The same  The same  Untreated
film was immersed in a 0.1 percent aqueous solution of estor tafetta tafetta polyester
caustic soda at 20°C. for 1 minute, washed thoroughly :ﬁgﬂ?e:efm féftcelre slgf zlf;rn g]fy taffeta
with water and dried at 70°C. for 2 minutes. The result 65 invention washing &
obtained is given in Table 7, wherein the measurement -
it 7 Absorption
was conducted under the same condition as described time (oo 8 12 10 75
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“ Example 11-

The cloths obtamed in Example 3 were dyed by usmg
basic dyes such as Cathilon Yellow, 3GLH, Crystal Vi-
‘olet 10B, Astrozon Blue G! or the like. While the un-
treated cloth was dyed only slightly, the cloth accord-
ing to the present invention was dyed vividly. More-
over, the cloth according to the present invention was
also vividly dyed even after 10 cycles of washing or 10
times of dry cleaning. In either case, the colour fastness
was excellent. From the observation of the cross-
section of the dyed cloth, it was recognized that the
cloth was dyed annularly. -

We claim: ‘

1.- A polymeric complex comp051te having an excel-
lent antielectrostatic property as well as excellent water

absorption, soil release and dyeing properties, consist-

ing essentially of a polymeric substrate selected from
natural or synthetic polymeric materials and, adhered
thereon, a coating of @ three-dimensional crosslinked
_ polymer, copolymer or. mixtures thereof containing as
substituents free sulfonic-acid groups or salts: thereof

and further containing sulfone bridges formed between

a portion of said sulfonic acid groups and other cross-
linking functional groups selected from the group con-
sisting of aryl groups and derivatives-thereof, said free
sulfonic acid ‘groups and said sulfone bridges being
present in: an amount of at least about 900 mil-
limoleS/kg—Coating and at least about 5 millimoles/kg-
coatmg, respectively.

2. The. polymeric complex composite accordmg to
clalm 1 wherein about 1350 millimoles/kg-coating of
free sulfonic acid groups and about 20 millimoles/kg-
coating of sulfone bridges are contained.

3. The polymeric complex composite accordmg to
claim 1 wherein a crosslinked polymer of a partially
sulfonated polystyrene is used as_a polymer: for the
coatmg

4. The polymerlc complex composite according to
clalm 1 wherein synthetic fibers of polyesters, polyam-
ides, or polyacrylonitriles are used as substrates.

5. A polymeric_complex composnte according to

10
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polymer of a sulfonic acid containing monomer se-
lected from the group consisting of vinyl sulfonic acid,
methallyl sulfonic acid, 2-sulfoethyl methacrylate, sty-
rene sulfonic acid, vinyl toluene sulfonic acid and their
ester and amide derivatives, and a crosslinking group
contammg monomer qelected from the group consist-
ing of sytrene, vinyl toluene, a-methylstyrene, ar-
dimethyl styrene, ar-ethyl styrene, ar-hydroxy styrene,
ar-amino styrene, vinyl naphthalene, ar-sec-butyl sty-
rene, and ar-trimethyl styrene and the halo, mtnlo car-
boxyl and keto derivatives thereof.

11. The polymeric complex composite according to
claim 9, wherein the crosstinked polymer of the coating
is a condensation polymer of a sulfonic acid containing
monomer selected from the group consisting of phenol
sulfonic acid, benzaldehyde-2,4-disulfonic acid, naph-
thol sulfonic acid and p-oxybenzyl sulfonic acid and a

* crosslinking group containing monomer selected from

20

25

30

35

claim 1 wherein a surface resistivity is not more than -

10" ohms even after 10 times repeated washings.

6. A polymerxc complex: composite according: to
claim 1 wherein it is.easily dyed with basic. dyes.

7. A method for preparing the polymeric complex
composite according to claim 1, which comprises coat-
ing g polymeric substrate selected from natural or syn-
thetic polymeric materials with a solution containing a
polymer, a copolymer or mixtures thereof containing
sulfonic acid groups and/or the crosslinking functional
groups, drying at 0° - 120°C. for several seconds to sev-
eral hours, and, after drying, subjecting the coating
substrate to heat treatment at 80° — 300°C. for several
seconds to several hours, to thereby effect crosslinking.

8. Articles or end products formed in shapes such as
sheets, rods, strands, or in various molded or extruded
shapes made from the polymeric. complex comp051te
according to claim 1.

9. The polymeric complex composite according to
claim 1, wherein the crosslinked polymer of said coat-
ing is an addition polymer or.a condensation polymer
of a sulfonic acid containing-monomer and a monomer
having the crosslinking groups. :

10.. The polymeric complex composite accarding to
claim 9, wherein the crosslinked polymer is an addition

45

50

the group consisting of phenol, resorcinol, hydroqui-
none, cresol and thiophenol.

12. The polymeric complex composnte according to
claim 1, wherein the. substrate is selected from the
group consisting of polyethylene, polypropylene, poly-
isobutylene, polystyrene, polyxylene, unsaturated poly-
esters, polyvinyl chloride, polyvinylidene chloride, pol-
yvinyl fluoride, polyacrylic acid esters, polyethers,
polycarbonates epoxy resins, urea resins, phenol res-
ins, silicone resins, ABS resins, polyamides, polyacrylo-
nitrile, vinyl chloride-vinyl acetate copolymers polyes-
ters, cellulose, cellulose acetate, wool, casein, and re-
generated cellulose. B o »

13. A method for preparing a polymeric laminate
consisting essentially of a polymeric substrate selected
from natural or synthetic polymeric materials and ad-
hered thereon a coating of a three-dimensional poly-
mer, copolymer or mixtures thereof containing as sub-
stituents free sulfonic acid groups or salts thereof and
further containing sulfone bridges formed between a
portion of said sulfonic acid groups and other crosslink-
ing functional groups selected from the group consist-
ing of aryl groups and derivatives thereof, said free sul-
fonic acid groups being present in an amount of at least
about 900 millimoles per kg-coating and said sulfone
bridges being present in the amount of at least about 5
millimoles per kg-coating and which exhibits a surface
resistivity of not more than 10! ohms, which comprises
coating a polymeric substrate selected from natural or
synthetic polymeric materials with a solution contain-
ing a polymer, a -copolymer of mixtures thereof con-
taining sulfonic acid groups and the crosslinking

. groups, drying the coated substrate at 0° to 120°C. for

60

several seconds to several hours, and after drying sub-
jecting the coated substrate to a heat treatment at 80°
to 300°C. for several seconds to several hours to
thereby effect crosslinking of said coating, contacting
the crosslinked coating with an electrolyte substance
containing metal ions, ammonium ions or amino ions,
to remove the hydrogen ions of the acid group which
are not crosslinked. R

14. The polymenc complex composxte accordmg to
claim 11, which further contains an effective amount of
a coupling agent for the monomer selected from the
group consisting of formaldehyde, acetaldehyde, gly-
oxal, benzaldehyde and trioxane.

15. A polymeric complex composite having an excel-
lent antielectrostatic property as well as excellent water
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absorptlon, soil release and dyeing properties, consxst-
ing essentially of a polymeric substrate selected from
natural or synthetic polymeric materials and adhered
thereon, a coating of a three-dimensional crosslinked
sulfonated polymer, copolymer or mixtures thereof
which contains at least about 5 millimoles per kg-
coating of crosslinked sulfone bridges formed between
sulfonic acid groups and crosslinking functional groups
selected from the group consisting of aryl groups and
derivatives thereof, at least about 900 millimoles per
kg-coating of free sulfonic acid groups or salts thereof,
and other substituent groups selected from the group
consisting of halogen, nitrile, carboxylic acid, carbox-
ylic acid ester, and ketones.

16. The polymeric complex composite accordmg to
claim 15, wherein the other substituent groups other
than the sulfonic acid groups and crosslinking groups
are present in an amount within the relative numerical
limitations for the ratios of the groups expressed by the
following formulas:

a=X/X+Y=0.05-095
B=X+Y/X+Y+Z=0.10~1.00

wherein,
X represents the number of said chains having a sul-
fonic acid group,

5
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Y represents the number of crosslinking groups, and
Z represents the number of other substituent groups.

17. A polymeric complex composite according to
claim 16, wherein « is 0.30 to 0.90 and 8 is 0.80 to
0.90.

18. The polymeric complex composite according to
claim 1, wherein the crosslinked polymer of said coat-
ing is formed from monomers capable of being at-
tached with sulfonic acid groups after polymerization,
selected from the group consisting of styrene, a-meth-
ylstyrene, vinyl toluene, and vinyl naphthalene.

19. The polymeric complex composite according to
claim 18, wherein the crosslinked coating is formed
from partially sulfonated polystyrene.

20. The polymeric complex composite according to
claim 1, wherein the polymeric substrate is polyethyl-
ene terephthalate and the three-dimensionally cross-
linked coating is formed from polystyrene sulfonic acid
having a degree of sulfonation of 78 percent by molar
ratio of the sulfonated benzene rings.

21. The polymeric complex composite according to
claim 1, wherein the crosslinked polymer is an addition

polymer of vinyl sulfonic acid and styrene.
* k% ok ok



